This paper aims to assess the impacts of agricultural land-use changes on biodiversity in Taihu Lake Basin, China, and to identify possible conservation strategies. We used the mean species abundance (MSA) approach, building on simple causeeffect relationships between environmental drivers and biodiversity impacts at the global level. Our assessment estimated that 21% of the original species in the undisturbed ecosystem were present in 2000. We also analysed and reviewed agricultural pressures at different spatial scales to enable the development of conservation strategies at regional and farm levels. This analysis showed, first, that intensive crop management is reflected by the amount of fertilisers applied. Policies and technologies aiming to reduce environmental impacts have been ineffective. Second, the abundance of semi-natural elements was found to be low and the fragmentation high. To link agricultural pressures to the MSA approach, we propose a multi-scale cause-effect approach, which can be linked to other land uses. This approach is useful to provide a quick scan of biodiversity status and identify conservation strategies. Training farmers to use site-specific nutrient management should be stimulated. Furthermore, acknowledging multiple land-use functions will help to develop biodiversity conservation strategies that are acceptable to farmers and policymakers.
Introduction
Biodiversity loss is one of the main global environmental problems. It is decreasing at an unprecedented rate and has ethical, social and economic implications (Sala et al. 2000; Millennium Ecosystem Assessment 2005) . Land-use/landcover changes are considered major threats for biodiversity conservation (Sala et al. 2000; Zebisch et al. 2004; Jackson et al. 2007 ). As agricultural land occupies a large part of the global land surface, its management and change are of major importance to reduce biodiversity loss.
In China, increasing agricultural production and food self-sufficiency has been a major aim of the government in the last decades. In the Taihu Lake Basin, one of the most productive areas in China, farmers have been conducting flooded paddy rice (Oryza sativa) production in summer, rotated with wheat (Triticum aestivum) or rapeseed (Brassica napus) in winter for more than nine centuries (Ellis and Wang 1997; Wu et al. 2009 ). The most significant ecological changes in the history of rice cultivation have likely occurred since the 1940s, as a result of population growth, the adoption of industrial technologies such as chemical fertilisers, pesticides and machines and changes in rural policy and its implementation (Ellis and Wang 1997; Wu et al. 2009 ). This has led to intensification of crop management, resulting in higher crops yields to sustain one of the most densely populated agricultural regions on earth, but also environmental side effects. Further, since the mid-1980s, economic development has been the main sites, including cases from available literature, are located within the northern part of Taihu Lake Basin in Jiangsu Province. The northern part is of specific interest, as it is dominated by cropland, and the large impact on water pollution in the lake has initiated policies to change agricultural land use and management (Reidsma et al. 2011) . As the landscape is flat and land cover is relatively homogenous (Xiao et al. 2005) , all study sites are representative of the case study region.
Biodiversity assessment approaches
To assess the impact of agriculture on biodiversity, a wide variety of studies have been conducted at different scales. At farm and landscape levels many studies (e.g. Herzog et al. 2006; Billeter et al. 2008; Kleijn et al. 2009 ) have been based on empirical species abundance data. At higher levels using cause-effect relationships is a major approach (e.g. Scholes and Biggs 2005; Reidsma et al. 2006; Weijters et al. 2009 ), due to the difficulty of observation and up-scaling from small-scale experiments to higher scales and budget limitation (Fu et al. 2007 ). Alkemade et al. (2009) have developed the GLOBIO3 model to assess human-induced changes in biodiversity at the global scale. The model is built on simple causeeffect relationships between environmental drivers and biodiversity impacts, based on available literature using meta-analysis. In the model, the mean original abundance species relative to their abundance in undisturbed ecosystems (mean species abundance (MSA)) is used as the indicator for biodiversity. The maximum value of MSA is 100% and indicates an undisturbed natural situation, while 0% represents a completely transformed/destroyed ecosystem without any wild species left. Based on the Global Land Cover 2000 (GLC2000) map (Bartholome et al. 2004; Alkemade et al. 2009 ), land-use categories are defined and given corresponding MSA values ranging from 5% to 100%. Besides MSA values for each defined land-use type (LUT), Alkemade et al. (2009) identified the following environmental drivers: land-cover change, land-use intensity, fragmentation, climate change, atmospheric nitrogen deposition and infrastructure development. Considering the impacts of these drivers on biodiversity (MSA) and aggregating different LUTs to the regional scale, the evaluated value of MSA in Jiangsu Province (half of the total area of Taihu Lake Basin is accounted for by Jiangsu) for the year 2000 was 21%. This value represents the large occupation by anthropogenic land uses, as corresponding MSA values of different LUTs of agroforestry, low-input agriculture, intensive agriculture and build-up areas (areas with more than 80% of built up) are 50%, 30%, 10% and 5%, respectively.
A multi-scale cause-effect approach
The approach of Alkemade et al. (2009) is useful for biodiversity assessment at larger scales. The MSA value itself, however, gives little perspective for conservation strategies, especially in the case study area where the landcover types are quite homogeneous and the LUTs are mainly anthropogenic. Farming systems in Asia, especially rice paddy fields, have a strong potential for a speciesrich environment (cf. Bignal and McCracken 1996; Pain and Pienkowski 1997; Ovenden et al. 1998; Maeda 2001; Amano et al. 2008) . For instance, about 2000 species of plants and animals associated with rice paddy fields have been recorded in Japan (Hidaka 1998) , 645 animal species were collected in the Philippines (Cohen et al. 1994) , and 765 species of arthropods were examined in Indonesia (Settle et al. 1996) . In Sri Lanka, 494 species of invertebrates, 103 species of vertebrates and 128 plant species were observed (Bambaradeniya et al. 2004) . In general, the semi-natural elements surrounding the managed rice fields contribute to high abundance of species (Amano et al. 2008; Moonen and Bàrberi 2008) , and extensive management increases biodiversity richness (Settle et al. 1996) . Hence, to improve assessments of technological innovations and policy options and to develop conservation strategies, more regional/local data are required (Reidsma et al. 2006 (Reidsma et al. , 2011 . This research therefore analysed and reviewed agricultural pressures at multi-spatial scales in the region to obtain more insight in drivers and impacts in Taihu Lake Basin.
According to Firbank et al. (2008) , agricultural pressures on biodiversity can be characterised by three major processes, acting at different scales (albeit with interactions), that can be indicated separately. These are (1) the management of crops to increase their productivity, through breeding, fertiliser use, the introduction of alien species and the control of competitors, predators and parasites; (2) the transformation of agricultural landscapes into new combinations and arrangement of crops and semi-natural elements; and (3) the transformation of land between non-agricultural and agricultural habitat. By following these three processes, land management at the field level, landscape structure at the landscape level and land use at the regional level, agricultural systems can be described. The advantage of this conceptual model is that it allows placing any agricultural system within these dimensions for both the pressures on biodiversity and, separately, for the biodiversity states themselves, by using indicators for each process (Firbank et al. 2008) . Furthermore, it explicitly relates to other functions of the land, as protecting biodiversity in agricultural landscapes is of major importance for its provision of agroecosystem services such as climate regulation, water regulation, erosion control, pollination, biological control and food production (see more detail in Costanza et al. 1997; Daily 1997; de Groot et al. 2002) .
To explore the impacts of agricultural land-use change on biodiversity in Taihu Lake Basin in China, we first applied the approach of Firbank et al. (2008) using data from literature and a household survey in paddy agricultural areas of the basin (Table 1) . Although the conversion of natural habitats to agriculture, especially through forest clearance, globally has most impact on biodiversity (the third process of Firbank et al. 2008) , landscapes of the basin have showed little large-scale transformation between agricultural and natural habitats in recent decades. Therefore we focus on changes in land management and landscape, reducing the number of processes to two.
Second, the perception and preference of land-use functions among different stakeholders around the basin are identified. In terms of land-use change, the variety of farmers' and policymakers' preferences largely impacts on the trade-offs among objectives (mainly economic and social) and the associated land functions (e.g. preservation of biodiversity), and therefore the identification of land-use functions is important for sustainable development of the agricultural sector and to identify conservation strategies.
After analysing and reviewing changes in these agricultural processes, and identifying preferences of land-use functions, the methodological framework is further developed, by integrating these agricultural processes at multiple scales in the MSA approach and discussing conservation strategies (improved nutrient management and riparian buffer zones) by putting biodiversity conservation in the context of other land-use functions.
Assessing pressures on biodiversity at field level -crop management
Rice fields are subject to many cultivation activities and agricultural changes. Throughout the season, field conditions are changed drastically and abruptly through flooding, transplanting of seedlings, harvesting and ploughing. Indeed there are many pressures caused by different aspects of crop management on different taxa and habitats, and thus their effects are very difficult to separate (Firbank et al. 2008) .
In this study we focused on variability in fertiliser use as the indicator of agricultural intensity that impacts negatively on biodiversity. A wide variety of studies have used annual nitrogen input per site in kg N ha -1 year -1 (referred to as N input) as one of the key indicators of agricultural intensity or land-use intensity (Schmitzberger et al. 2005; Dormann et al. 2007; Hendrickx et al. 2007; Billeter et al. 2008; Kleijn et al. 2009 ). Schmitzberger et al. (2005) and Kleijn et al. (2009) used N input as a single indicator, because fertiliser use is generally correlated with yield and other variables characterising farming (e.g. pesticide use, agricultural population density, cattle density).
Although a large number of conservation studies showed a negative influence of increasing amounts of fertiliser application on biodiversity (mainly vascular plants and birds) at field level (cf. Wilson et al. 1997; Donald et al. 2001; Joyce 2001; Vickery et al. 2001; Zechmeister and Moser 2001; Roschewitz et al. 2005; Herzog et al. 2006) , the rapid growth in China's per hectare chemical fertiliser application, from less than 10 kg around the 1960s to more than 330 kg in 2007, has contributed significantly to the growth in grain production (SSBC 2007) . With the objectives of sustaining or increasing farmers' profits and alleviating poverty, enhancing agricultural production is essential ). Thus, optimising application of fertiliser, in other words, optimised nutrient management (Cassman et al. 1998; Pampolino et al. 2007; Wang et al. 2007) , is required in order to achieve both environmental (reduce biodiversity loss) and economic (increase production) objectives.
Crop management was analysed at farm level, based on a household survey performed in 2008, including 320 farms in three cities of Wuxi, Changzhou and Zhenjiang ( Table 1 ). In northwest Taihu Lake Basin, farmers start adopting a new fertilisation strategy to improve nutrient management, based on site-specific nutrient management (SSNM; Dobermann et al. 2002; Reidsma et al. 2011) . Farmers are stimulated to use, as locals call it, formula fertiliser. The proportions of nitrogen (N), phosphorus (P) and potassium (K) in formula fertiliser are adjusted to the soil fertility level of each farmer's field, and thus it is expected to result in a decreasing amount of fertiliser application due to more efficient use of nutrients. The collected data were used to compare fertiliser use among technologies (conventional nutrient management or applying formula fertilisers) and soils (sandy, loamy or clay).
Assessing pressures on biodiversity at landscape leveltransformation of the agricultural landscape
A number of studies identified positive relations between numbers of species and area of semi-natural habitat (Bruun 2000; Steffan-Dewenter and Tscharntke 2001; Kremen et al. 2002; Dormann et al. 2007; Hendrickx et al. 2007; Billeter et al. 2008 ). For instance, Billeter et al. (2008) analysed the share of natural elements (% area) in 25 agricultural landscapes distributed across seven European countries (France, Belgium, the Netherlands, Germany, Switzerland, Czech Republic and Estonia), and concluded that the largest contribution to total species richness of vascular plants, birds and five arthropod groups comes from natural and semi-natural habitats and is directly influenced by their area in most agricultural landscapes. Further, looking at landscape structure in a broader sense, landscape fragmentation has negative impacts on habitat suitability and biodiversity (Noss 1990; Di Giulio et al. 2009 ). Changes in landscape structure were assessed based on the observations of fine-scale (<30 m) agricultural landscape transformation processes in northwest Taihu Lake Basin: Xiejia Village of Xueyan Township, Wujing County during 1930 -1994 (Ellis et al. 2000 and a single field research site in Yixing County during 1989 -2002 ). These studies stratified a village landscape into about 35-40 fine-scale landscape components with relatively homogeneous ecosystem processes (called ecotopes) by gathering data from aerial photography, field surveys, local knowledge, household surveys, interviewing elder villagers and historical sources. Using the well-specified landscape structure at the village landscape level, the exploration of its impact on biodiversity was conducted.
Preference of land-use functions
In the previous sections we observed trade-offs between food production and biodiversity, which are simultaneously provided by the same land use, although there is often a negative relationship. It has been argued that there should be more attention for land (use) function change instead of focussing on land-cover change (Bakker and Veldkamp 2008; Verburg et al. 2009 ), when assessing impacts of landuse change on indicators such as biodiversity. Land-use functions can be referred to as the goods and services provided by the land-use systems and ecosystems within the landscape (Verburg et al. 2009; Paracchini et al. 2011) . For instance, conservation goals for biodiversity in agricultural landscapes are actually linked with agroecosystem services such carbon storage, flood control, forage production, outdoor recreation, crop pollination and water provision (Chan et al. 2006; Willemen et al. 2008; de Groot et al. 2010) . Land cover at one location has more than one function (e.g. Rossing et al. 2007; Renting et al. 2009 ), and in the last decade, multi-functional land use has become a topic of interest for policymakers concerned with rural development with increased awareness of the need for sustainable land use (Parra-Lòpez et al. 2008 .
When land-use changes, the variety of farmers' and policymakers' preferences largely impacts on the trade-offs between food production as primary land use and preservation of biodiversity as performance of secondary use. Therefore, in September 2009, land-use functions that are important for sustainable development of the agricultural sector were identified and weighted for their importance in the region according to different stakeholders (see more detail in Reidsma et al. 2009 ). In total, 11 stakeholders from 4 groups were selected. They were two officials, four researchers, two local extension officers and three local farmers.
Results

Crop management
According to the extension offices in our case study area, recommended N application is lower than 360 kg N ha -1 , but preferably around 200 kg N ha -1 for rice. By using formula fertiliser, a reduced N input of around 30% compared with compound fertiliser is expected. Figure 2 however shows the complexity of impacts of soil type and fertiliser type on N input (kg ha -1 ) and the related rice yield. There is no relationship between the yields and the current N input, and effects of soil type and fertiliser type are not evident. Wang et al. (2004) reported that the optimal N application rate is 225-270 kg N ha -1 for rice, based on their field experiments in Suzhou, the east part of Taihu Lake Basin, while Jing et al. (2007) suggested only 150-200 kg N ha -1 . The high N input observed on the farms in the survey, up to 1000 kg N ha -1 (Figure 2 ), leads to severe N losses to the environment (e.g. Wang et al. 2004) , resulting in reduced terrestrial and aquatic biodiversity. Using formula fertiliser has potential to reduce N losses, but application according to principles of SSNM (Dobermann et al. 2002; Hu et al. 2007 ) needs to be improved through training. Survey data reveal that around 20% of the farmers currently use different formula of fertilisers, but they have not reduced the total amounts of nutrients applied. Hence, nutrient losses to the environment and impacts on biodiversity have not been reduced. 
Transformation of the agricultural landscape
From the fine-scale observation of a typical densely populated village landscape of Xiejia in Ellis et al. (2000), we selected the following semi-natural elements: annual weeds, tall grasses, bamboo, bushes and weeds, trees (medium), trees (mature), graves, public trees, wetland crops and wetland vegetation. The share of semi-natural area of the village (Ellis et al. 2000) was 5.5% in 1994, indicating that this percentage was relatively low as compared with the observations of Billeter et al. (2008) , ranging from 2.7% to 53%. Including ponds and canals, semi-natural elements potentially benefiting aquatic biodiversity, the share increases to 12.4% in 1994. In 1930, the shares were 9.2% and 14.1% with and without ponds and canals, respectively, indicating that the share of seminatural area has always been low and has further decreased during the last century.
At the village landscape level in Yixing County, between 1989 and 2002 significant declines in the proportion of village scale area covered by paddy (about -10%) and increase in built-up surface (about +1%) and aquaculture (about +5%) were observed. Although the percentage of increase in built-up surface was relatively small in 1989-2002, the previous period of 1963-1989 showed about 5% increase of built-up surface ). In the northwest Taihu Lake Basin as a whole, the number of ecotope classes doubled between 1940s and 2002 (17.6 types of ecotope to 34.7) ). This largely reflects the increases in anthropogenic land uses such as houses and roads, implying that expansions of landscape heterogeneity as indicators of habitat fragmentation were associated with increases in population density and economic development ).
Preference of land-use functions
For Taihu Lake Basin, nine land-use functions were identified and weighted for their importance in the region by researchers, government officials, extension officers and farmers (Reidsma et al. 2009) (Table 2 ). These included three environmental (including biodiversity as an indicator of biotic resources), three economic and three social land-use functions. Although the weights of the three dimensions were similar, different stakeholders had different views on the importance of these functions. According to researchers, the sequence should be social (36%) > economic (33%) > environmental (31%); government officials and local extension officers thought that the sequence should be economic (50% and 45%) > environmental (33% and 35%) > social (17% and 20%); and according to farmers it should be environmental (37%) > social (33%) > economic (30%). This shows that all stakeholders are aware of the multiple functions of agricultural land use, and that besides food production, also functions like provision of work and biodiversity conservation are important.
Discussion
Biodiversity conservation in Taihu Lake Basin
The previous sections underpin that agriculture in Taihu Lake Basin is intensive. As agricultural land use occupies most of the land area, biodiversity is likely to be low, as reflected in the low MSA value of 21% in Jiangsu as evaluated with the method proposed by Alkemade et al. (2009) . Conservation strategies should focus on reducing impacts on biodiversity, which are considered important in the region (last column in Table 1 ), they should consider the context and they should be feasible. Notes: Four groups and 11 stakeholders in total were selected and interviewed in September 2009. They were two officials, four researchers (two in social science, two in natural science), two local extension officers and three local farmers. A is the average weight of environmental, B is the average weight of economic and C is the average weight of social functions. A, B and C add up to 100%. Within a dimension, the separate functions also add up to 100%, hence the weight of 'abiotic resources' for sustainable development considered by researchers is 31% × 34% = 11%.
According to Kleijn et al. (2009) , in Europe reducing inputs from 75 to 0 kg N ha -1 resulted in about the same estimated species gain as reducing inputs from 400 to 60 kg N ha -1 . In Taihu Lake Basin, without any fertilisers, rice yields around 4.5-6.0 ton ha -1 can be obtained under current soil fertility conditions (Wang et al. 2004; Jing et al. 2007 ), but considering the objectives of increasing food production and self-sufficiency, this is not enough. Furthermore, in the long term the productivity will drop if no inputs are supplied. Moving to extensive fertiliser application is thus not feasible, which would imply that relatively little species gain can be obtained in agricultural fields. Closely looking at the relationships in Kleijn et al. (2009) , however, also shows that there is a large variability along the relationship, which is largely due to local characteristics and specific management. When farmers consider both objectives of food production and increasing biodiversity, management may be adapted such that it contributes to both (e.g. Feng et al. 2006) . At higher levels, whether reducing agricultural intensity will improve biodiversity can be argued. Although Reidsma et al. (2006) projected that reducing agricultural intensity would lead to increased biodiversity in Europe, Glendining et al. (2009) showed that reducing agricultural intensity may not always lead to improved sustainability or biodiversity conservation, as more area is needed for food production.
Maintaining the current level of food production is considered an important objective by government officers ( Table 2 ). The high weights that farmers gave to environmental land-use functions compared with government officials and extension officers were mainly due to the lower importance farmers gave to food production. Food self-sufficiency is not an aim of farmers in the region, as they often have off-farm income. Farmers' decisions on crop and nutrient management depend more on labour requirements and income. Thus adopting strategies that can serve multiple objectives, such as SSNM that can sustain high yields and hence income, and at the same time reduce nutrient leaching and hence water pollution, seems to be feasible. However, from our analysis (Figure 2) , the policy stimulating farmers to use formula fertiliser was not strong enough. This is highly required to improve the agricultural policy in terms of informing about the precise method, regulating the amount of N inputs or providing farmers with incentives to adopt the formula fertiliser.
Literature on landscape structures around the basin showed that the low availability of semi-natural elements in agricultural landscapes is a major threat factor for sustaining biodiversity. Further, increasing heterogeneity of landscape structures indicated the fragmentation of ecological habitats as a consequence of development of anthropogenic land uses. Regarding this, another policy implemented by Jiangsu Department of Agriculture from July 2007, that is, converting arable land along water bodies to buffer zones with trees to reduce nutrient leaching, can give a win-win situation, as the trees in the buffer zones can host a variety of species, while the prevention of nutrient leaching will lead to increased aquatic biodiversity (Weijters et al. 2009 ). A literature review by Klok et al. (2002) showed that riparian buffer zones wider than 20 m can reduce N and P leaching by more than 80%.
The multi-scale cause-effect approach
The MSA approach at the global scale of Alkemade et al. (2009) lacks focus on scale issues, which are important at regional level. In reality, land-use assessments based mainly on land-cover observations often tend to lack focus on the full diversity of land uses (Bakker and Veldkamp 2008; Verburg et al. 2009 includes multiple land uses, resulting in high landscape heterogeneity, and different crops are associated with different species. In the Netherlands, for example, 5% of the total number of species depend on agriculture, while 39% depend on semi-natural landscapes (Lahr et al. 2007 ).
Further, a number of species are specifically associated with rice fields, as reviewed above. To consider and integrate the differences of MSA values for different spatial scales, we propose a developed methodology for more specific evaluation (Figure 3) . First, agricultural LUTs should be identified at land management level. Although our analysis of nutrient management did not show clear differences in terms of total N input among conventional and formula fertilisers, nutrient management can be changed dramatically by adopting SSNM, aiming for lower nutrient surpluses. Further, this specified classification enables to consider different LUTs based on soil type, crop rotations and other environmental and socio-economic conditions. These LUTs can directly be linked with other land-use functions, such as food production (e.g. van Ittersum and Rabbinge 1997).
To link the LUTs with mean species abundance, we can adopt a defined relationship between the land management indicators, N input and N surplus (in kg ha -1 year -1 ) with MSA. Crop yields are highly related to N input, and high input intensity also negatively impacts biodiversity. On the other hand, using N surplus or N losses would give more direct information on the impact of N on biodiversity. For instance, Firbank et al. (2008) provided clear evidence of N surplus impact on plant diversity in an empirical study from the British countryside. The advantage of using N surplus is also that it gives information on possible pervasive impacts on both terrestrial (Smart et al. 2003) and aquatic (Carpenter et al. 1998 ) biota (Firbank et al. 2008) . Biodiversity for LUT can be defined by either (1) fixing MSA per LUT based on N input and/or N surplus or (2) indicating where different LUTs are in the graph. Each MSA per LUT (MSA LUT ) multiplied by the relative area size of the agricultural LUT (RS LUT ) is then aggregated into one value for the entire agricultural land cover of the region: MSA lm . Until now, most knowledge is available on impacts of fertiliser use, but when more insights become available on other indicators such as pesticide use (Geiger et al. 2010) , these can be included in the relationship. In our case, biodiversity conservation was considered important by farmers (Table 2 ), but most of them do not realise that their management practices have environmental impacts. With improved SSNM, it is however possible to reduce fertiliser inputs and increase nutrient use efficiencies (Dobermann et al. 2002) . If improved training and education are successfully conducted, and SSNM is widely adopted by farmers within the region, the maximum value of MSA lm can be largely increased (Asai and Tokunaga 2007) .
Second, the impact of landscape structure on the species abundance is identified and considered in combination with MSA lm to arrive at the MSA ag in agricultural landscapes (Figure 3) . Although the assessment of Alkemade et al. (2009) using a rough land-cover map categorised most landscape structures around the basin as 'intensive agriculture' with an MSA value of 10%, they also consist of areas of construction and semi-natural elements, which have a certain negative or positive impact on biodiversity. For instance, the fine-scale observation of land-cover changes in Xiejia Village in 1994 found by Ellis et al. (2000) identified the share of semi-natural area as 5.5% or 12.4% without and with ponds and canals, respectively, and 5.1% for constructed elements, although Xiejia Village locates within the category 'intensive agriculture' (Figure 1 ). Thus the total value of MSA ag either decreases (because increasing area of construction is considered as negative impact on MSA ag ) or increases (because increasing area of semi-natural elements has positive impact on MSA ag ). Regarding this aspect, estimating shares of seminatural and construction areas from aerial photographs of randomly selected sites within the agricultural land cover (Palma et al. 2007 ) and defining ecosystem quality of the semi-natural elements (MSA sn ) and constructed elements (MSA cn ) are required. For a more precise estimation, also the impacts on connectivity of semi-natural elements need to be assessed, which depends on the spatial configuration and the distance to surrounding nature areas. In their assessment, Alkemade et al. (2009) also considered fragmentation of land cover as one of the environmental drivers. However, what we argue here is a need to focus on fragmentation at micro level: only a few semi-natural areas may lead to better connectivity of natural areas, which largely increases regional biodiversity. Higher MSA ag might be achieved by strategically placing semi-natural elements, assuming successful results of the environmental policy implemented by Jiangsu Department of Agriculture from 2007.
Lastly, regional MSA region based on land uses is estimated by summing all MSA values of each land use (Figure 3) . In addition, an extra factor can be added related to the spatial configuration and the lateral interactions. For example, a higher MSA ag may positively influence the MSA of nature areas. This approach is the same as that of Alkemade et al. (2009) , but the estimated MSA region largely depends on the values of MSA lm and MSA ag , which enable us to take into account pressures of land management and landscape structure on biodiversity.
Further research
For more specific species conservation, other biodiversity indicators can also be selected as secondary land-use functions. Moonen and Bàrberi (2008) identified various uses of biodiversity in agroecosystems: (1) conservation of species, community, habitat or overall biodiversity for intrinsic, aesthetic, traditional and cultural values; (2) biodiversity for improved agroecosystem functioning, based on definition of agroecosystem functional groups; and (3) bio-indicators for environmental monitoring of the state and resilience of agroecosystem processes, agroecosystem sustainability or overall biodiversity. For assessment of these uses, more research should be done on the importance of species occurring in agricultural areas for agroecosystems and for society.
Preferences of farmers and policymakers towards landuse functions vary, leading to impacts on the trade-offs among multiple objectives. A better understanding of the land-use functions and their interactions can increase willingness of farmers and policymakers to preserve biodiversity in terms of implementing new environmental land-use policy and adopting environmentally friendly crop management. The shift from primary land use to the associated land use is deliberate and relates to new initiatives, such as the functionality of field margins (Marshall 2002) in terms of providing a species-rich environment (cf. Marshall 2002; Roy et al. 2003) and environmental regulation such as preventing N leaching (cf. Moonen and Marshall 2001; Marshall and Moonen 2002) . Using and discussing this multi-scale cause-effect approach can improve this understanding.
Conclusion
The main aim of this study was to assess the impacts of agricultural land-use changes on biodiversity in Taihu Lake Basin in China and to identify conservation strategies, including policies and technological innovations. An assessment at the global scale using the MSA approach estimated that in the region around 21% of the original species were still present ). To give perspectives for conservation strategies at regional and farm levels, however, more detail was required. We therefore analysed and reviewed agricultural pressures at multi-spatial scales (Firbank et al. 2008) in the region to obtain more insights in drivers and impacts in Taihu Lake Basin. With the objective of biodiversity conservation in agroecosystems in the basin, using the framework of Firbank et al. (2008) showed in which directions and by which driving forces land use changed and the consequences this has had for biodiversity in Taihu Lake Basin during the last decades.
Crop management at field level is very intensive, and policies and technologies aiming at reducing environmental impacts have not yet had effects. Analysis of the landscape structure showed that the abundance of seminatural elements is low and that fragmentation is high. These processes indicate that agriculture is very intensive in the basin and that conservation strategies to protect biodiversity will have to compete with other land-use functions, specifically with those increasing food production and maintaining food self-sufficiency.
In order to assess and identify conservation strategies, we proposed a multi-scale cause-effect approach, linking agricultural pressures at different scales (Firbank et al. 2008) to the MSA approach ). Although the availability of species data would improve the quantification and applicability of the approach, also when there is a lack of species data, which is the case in many (especially developing) countries, this approach is useful in providing a quick scan of biodiversity and the impacts of agricultural land-use changes. In this study, no detailed quantifications have been made, but the approach is illustrated using the data and literature analysed in this study.
Appropriate conservation strategies depend on the importance that stakeholders give to different land-use functions, in this case mainly food production and biodiversity conservation. In general, strategies improving both functions can be identified. Although the farm level analysis on crop management showed that despite policies stimulating formula fertiliser, farmers have not reduced fertiliser application. Thus, there is scope for improved nutrient management with lower impacts on biodiversity by improving extension services for farmer training and enhancing diffusion of SSNM through the region. SSNM should be stimulated to improve biodiversity, reduce other environmental impacts, maintain yields and thus prevent natural areas being lost. Furthermore, the environmental policy converting arable land along water bodies to buffer zones with trees increases semi-natural elements surrounding farm fields and water bodies and enhances the ability of agricultural landscapes to sustain their multiple land-use functions. Acknowledging multiple functions of land when developing biodiversity conservation strategies will help to design feasible strategies that can be adopted by farmers and policymakers.
